In the last decades, active seismic profiling in the northern part of the Iberian Peninsula have evidenced that the Alpine collision between the Iberian and Eurasian plates resulted in a complex crustal structure, with the Iberian crust underthrusting the Eurasian crust and reaching depths of at least 45-50 km beneath the Pyrenean chain and the Cantabrian Mountains. In the transition between these two zones the situation is particularly complex, as evidenced in previous wide-angle and passive seismic studies. 
compressional stage in partitioning the deformation and the structural style from east to west along the Pyrenean-Cantabrian belt (Pedreira et al., 2007 , Roca et al., 2011 .
Beneath the central and western Pyrenean chain, active seismic experiments , Daignières et al., 1981 , 1989 , Choukroune et al., 1990 , Teixell, 1998 have revealed the crustal features and imbrications between Iberian and Eurasian structures.
The Iberian crust deeps northwards and reaches depths of at least 50-55 km, while the Eurasian Moho is observed around 26-30 km depth. The southern limit of this Eurasian crust seems to be located roughly at the vertical of the axial zone of the belt, while the northern limit of the Iberian crust lay a few tens of km northwards. To the West, beneath the Cantabrian Mountains, wide-angle and onshore-offshore seismic data (Pulgar et al., 1996 , Fernández-Viejo et al., 1998 , Gallastegui et al., 2002 , Pedreira et al, 2003 have shown a similar structure, with the imbricated Iberian crust reaching minimum depths of 45-50 km and extending northwards up to the vertical of the coastline. RF analysis of passive seismic data recorded beneath this area has provided images of the crustal structure consistent with these results . In the transition between the Pyrenees and the Cantabrian Mountains (longitude range: 1.5W -4.5W) the structural features are particularly complex, as already evidenced by wideangle and passive seismic data (Pedreira et al., 2003 , Díaz et al, 2003 or gravimetric studies (Pedreira et al., 2007 , Jammes et al., 2010 . Our purpose in this contribution is twofold; firstly to get new clues on the crustal structure of this area through the RF analysis of teleseismic data provided by the permanent and temporary seismic stations installed in both the Spanish and French sides of the Western Pyrenees-Eastern Cantabrian Mountains in the last decade, and secondly, to provide a state-of-the-art framework for the coming deployments of the Topo-Iberia and PYROPE portable the permanent stations the number of RFs analyzed ranges between 23 and 77, while for the temporary array only 12 RFs on average are retained for each station.
We have used the H-κ analysis (Zhu and Kanamori, 2000) to infer an estimation of the crustal depth (H) and the κ ratio (κ = v p /v s ) beneath each investigated station. This method, nowadays widely used, considers a mean crustal velocity and estimates the arrival time of the Ps, PpPs and PsPs phases for each given combination of H and κ.
The amplitude of the real RFs at those times is then evaluated in the (H, κ) parameter space. The presence of a well-defined maximum in the stacking surface defines the preferred solution for each station. In many cases, and especially if the energy of the multiple phases is scarce, the trade-off between both parameters produces stacking surfaces showing a well defined "crest" but with poorly constrained maximum value.
We have used a mean crustal v p =6.3 km/s, estimated from the wide-angle seismic profiles available in the region , Pedreira et al., 2003 . It has been shown that variations of +/-0.1 km/s in v p result in changes of +/-0.6 km in the Moho depth, making the choice of the reference v p value not a critical issue (Mohsen et al., 2005; Nair et al., 2006) .
The retrieval of RF values is restricted in principle to zones with sub-horizontal, isotropical crustal structure, as it is based on the assumption that the vertical component deconvolution removes the signature of the source time function and the possible source-side and deep-earth propagation effects. Under this hypothesis, no signal is expected in the transverse RF components. However, it has been widely proved that RF can also be useful to investigate the crustal structure in zones with dipping layers and/or anisotropy. In this case, the transverse RFs have clear arrivals and both the radial and transverse RFs show azimuthal variation patterns in their polarity and amplitude that can be used to discern between dipping boundary and anisotropic origin (e.g. Savage, 1998) .
Previous active and passive seismic results suggest that beneath the PyreneanCantabrian ranges the Iberian and Eurasian crusts are imbricated and, consequently, two Mohos could be identified as major discontinuities (Pedreira et al., 2007, Díaz and . In order to check the corresponding image expected from the H-κ technique in such a case of a "double Moho", we considered a synthetic approach in which RF are constructed using the Raysum package (Frederiksen and Bostock, 1999) from a 1D velocity-depth model with a typical κ value of 1.73, a 20 km thick upper crust (v p =6.2 km/s), a 10 km thick lower crust (v p =6.6 km/s), a 7 km thick European mantle wedge (v p =7.8 km/s), a low velocity zone with v p =6.8 km/s representing the Iberian lower crust and a 6.8 to 8.1 km/s discontinuity at 44 km depth (Figure 2a) . The H-κ method is then applied to those synthetic RFs. The result (Figure 2b) shows two clear local maxima in the stacking surface. The deeper Moho provides the best constrained one, but its position is underestimated (41.5 vs. 44 km) and the κ value is overestimated (1.76 vs. 1.73). This is probably related to the multiples generated at the upper discontinuities that interfere with the conversions at this level. The upper Moho is identified by a less well-defined correlation maximum in the H-κ diagram, resulting in a "crest" with a local maximum located at h=30.5 km and a κ value of only 1.68. Even if the resolution is poor for this upper convertor, the method provides a good estimation of its depth. The presence of two maxima in stacking surfaces derived from real data can therefore be interpreted as evidence of two relevant discontinuities with strong velocity contrasts across them, which may correspond to a "double-Moho" structure. Note that the synthetic RF (Figure 2c ) shows a negative peak at about 4.2 s, between the arrivals of the two Mohos, arising from the low velocity zone introduced between them to represent the Iberian lower crust underlying the Eurasian mantle wedge.
In order to get structural information comparable to the seismic reflection sections, the obtained RFs can be treated using a Common Conversion Point procedure to obtain images of the lithosphere in depth domain. The RFs from a single station or from neighboring stations are traced back along their raypaths using a 1D velocity model, the amplitudes contributing to each cell of the model are stacked and the data is projected along a profile. The amplitude contrast in the final images depicts the zones where incoming waves suffer P to S conversions (see Figure 3 ). Those images are useful to identify lateral variations in the spatial location of the main convertors. and at 25 and 35 km depth in the southern part can be associated to intracrustal seismic discontinuities previously imaged by active seismic profiles (Pedreira et al., 2003) . A North-South oriented 2D velocity-depth model derived from the MARCONI deep seismic sounding experiment in the Bay of Biscay (Ruiz et al., 2007) , shows an European Moho at around 28 km depth that can be followed southwards until 10 km to the north of ELAN station, whereas the position of the Iberian Moho along this profile is not well constrained. On the other hand, in an E-W refraction profile that runs about 17 km to the south of ELAN (Pedreira et al., 2003) , the Iberian Moho is located at ~39 km depth and the top of the lower crust at ~27 km. The 3D gravimetric model constructed with these and other seismic constraints locates the Moho at 44.5 km beneath ELAN, dipping northwards down to 54 km (Pedreira et al., 2007) . According to this model, the top of the Iberian lower crust is found at ~32 km beneath ELAN, a feature that may be related to the third (and less pronounced) local maximum in the H-κ diagram, located at H=38 km. Hence, the values here inferred have an overall consistency with available seismic and gravimetric models, even if the convertors appear to be some kilometers deeper. The absence of clear PmP constraints on this particular part of the Iberian side and the lack of resolution of the RF methods in an area of crustal complexity may account for that discrepancy.
Results

Beneath the Cantabrian
For the stations located at the northern side of the Pyrenean chain (OSSF, ORDF, LARF, ATE) the H-κ analysis reveals quite coherent results, with a first order convertor located at 46-53 km, interpreted as the Iberian Moho, which results in a large amplitude Ps arrival at 5.7 to 6.5 s after the P phase (Figures 4a, 4b) . A secondary maximum with a much weaker signature can be identified in the stacking surface, corresponding to an interface located at 26-28 km for the stations in the North Pyrenean Zone (OSSF, ORDF) and 27-29 km for stations in the Axial zone (LARF, ATE), (Figure 4a , 4b, Table 2 ). These values are close to the Moho depths of 25-27 km reported by Daignières et al. (1981) Table 2 ). These crustal depths are broadly compatible with the results from active seismic profiles in the zone , Pedreira et al., 2003 Pedreira et al., 2003) in the easternmost section, as the middle one include the EALK station, whose complex results have been discussed previously. The profile located west of the PTZ shows a more complex pattern. The most prominent feature in this case is a well-imaged convertor located at about 30 km depth in the northern side, which can be easily interpreted as the European Moho. It can be followed to the south as far as beneath station BER, where it seems to connect a broad (10-15 km thick) positive and north-dipping anomaly, the interpretation of which is doubtful due to the lack of resolution and strong complexities in the velocity structure revealed by previous wide-angle data west of the PTZ, where even the Iberian Moho is not a clear feature (Pedreira et al., 2003) .
The Poisson's ratio (σ), directly derived from the Vp/Vs ratio, is often used to estimate the composition of the crust, as it is more sensitive to mineralogical changes than single P or S wave velocities (p.e. Christensen, 1996) . Crustal composition is generally divided into categories of low Poisson's ratios (σ < 0.26), intermediate values (0.26 < σ < 0.28), and high values (σ > 0.28) (Holbrook et al., 1992) . Low Poisson's ratios suggest a more felsic composition, whereas high values generally correspond to a more mafic crust. Our σ results, presented in Table 2 , show that the crust in the investigated area has in general a low Poisson's ratio, with a mean value of 0.252. This is consistent with the mean value of 0.25 +/-0.04 reported by Zandt and Ammon (1995) for Mesozoic-Cenozoic regions of active or recent tectonics. The large error bars associated to the Vp/Vs determination do not allow entering in further discussion on differences between the different stations. However, it is interesting to note that the higher value of σ (0.273) is obtained at stations ORDF, LARF and ATE, close to the area where Daignières et al. (1981) reported a very high Poisson's ratio for the upper crust, reaching values of 0.32-0.33 (Vp/Vs=1.9-2.0) that was tentatively associated to sediments with high water content. The presence in this area of several outcrops of ultramafic rocks exhumed from the upper mantle during the cretaceous rifting stage between Iberia and Eurasia (eg. Jammes et al., 2009 ) and a positive gravimetric anomaly interpreted to be caused by uplifted lower crustal/mantle material (Grandjean, 1994; Casas et al., 1997; Pedreira et al., 2007; Jammes et al., 2010) , seem to indicate the occurrence of large mafic/ultramafic bodies within the upper crust that can also be at least a partial explanation for these high Poisson's ratios.
Discussion and Conclusions
A first order result of this contribution is that passive seismic data are broadly consistent with structural features of the Iberian and Eurasian crusts inferred from active seismic profiling ( Figure 7a ) and thus provides a completely independent confirmation of the indentation between both crusts. In regions of simple crustal structure, RF and H-κ modeling constitute very powerful and affordable methods to highlight the main crustal features, but even in complex areas like the one studied in this paper, they have been proved to be very efficient when combined with other seismic constraints, and may help to extend the two-dimensional interpretations of active seismic profiling to the three dimensions. In the western Pyrenees, the analysis of the data recorded at the northern side of the range has allowed to document, for the first time from RF analysis, the presence of the Iberian Moho at depths around 50 km, underlying the Eurasian Moho, which appears as a secondary convertor located at 25-35 km depth. Beneath the central Pyrenees and the Cantabrian Mountains, previous active and passive seismic results provide a similar image of the crustal structure, including clear evidences of northward oriented dipping of the Iberian Moho (Díaz et al., 2003 , Pedreira et al., 2003 .
Beneath the Pyrenean Basque Massifs, in the area delimited by the Pamplona and Hendaya faults (the later being subparallel to the Pamplona fault and located about 50 km westward), the geometry of the indentation of both crusts previously reported should be modified according to the present RF results. Temporary stations at the Basque Massifs show a shallow Moho (31-32 km) that is interpreted as an evidence of the Eurasian crust indenting the Iberian crust farther south than the geometry delineated by Pedreira et al. (2007) , and at least as south as the location of station BER (piercing points of ray paths crossing the Eurasian Moho are located at latitudes close to or north of this point). The Iberian Moho is difficult to identify in this very complex area, the eastern limit of which was sampled by station EALK, but become the most prominent feature to the east of it, where the European Moho has a much weaker signature. This significant change in the crustal structure is geographically coincident with the PTZ.
This feature, without a clear surface expression, has probably a Late-Variscan origin and played a major role already in Mesozoic times, actively controlling the deposition of several kilometers of sediments more in the western block (the Basque-Cantabrian Basin) than in the eastern one (eg. Larrasoaña et al., 2003) . The depocenter in the core of the Basque-Cantabrian Basin is shifted southwards with respect to the main one in the Labourd-Mauléon area, at the other side of the PTZ (Jammes et al., 2009 ). The partition of the deformation during the Cenozoic Alpine compressional event is evident, since structures with northward vergence predominate in the western block whereas those with southward vergence are dominant in the eastern side. The PTZ is also evidenced by other geological and geophysical data sets. Detailed seismicity maps (Figure 7b) show that the Pamplona transfer zone corresponds to a clear western limit of the seismic activity beneath the Pyrenean chain. East of 1ºW, the seismicity is concentrated along the North-Pyrenean Zone and the northern border of the axial zone.
Further west (1ºW to 2ºW), it is sparser, with significant events in the southern side of the chain and along the trace of the Pamplona fault. West of the Hendaya fault, the seismicity decreases abruptly with only few sparse events. Detailed regional seismic studies using temporal networks have confirmed these features (Ruiz et al., 2006a (Ruiz et al., , 2006b ). The propagation of crustal phases across this zone of the western Pyrenees shows an anomalously strong attenuation, whose origin has been related to a crustal region with increased heterogeneity and intrinsic attenuation due to a strong deformation process (Sens-Schönfelder et al., 2009 ). The gravimetric anomaly map (Pedreira et al., 2007) shows two zones of positive anomaly values clearly related to the Basque-Cantabrian and the Mauleon basins. The area here investigated appears as a slightly negative gravimetric anomaly located between those basins and delimited by the Pamplona and Hendaya transfer zones. Finally, the magnetic map (Pedreira et al., 2007) shows a clear positive anomaly North of Vitoria. This magnetic feature, one of the most prominent in the whole Iberian Peninsula, seems also to be bounded by the Hendaya fault. The new passive seismic data seem to confirm that the Pamplona and Hendaya transfer zones have played a major role in the regional geodynamic history, and allow delineating in a more precise way the changes in crustal thickness and internal structure across these transverse structures, which seem to be more abrupt and relevant than previously thought. The deployment of the Topo-Iberia and the PYROPE seismic networks will hopefully provide additional constraints on the structure of this very complex collision zone between the Iberian and Eurasian plates.
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